Background: Healthcare interventions that have positive effects on the stroke survivors' health-related quality of life (HRQoL) and quality-adjusted life-years (QALYs) might also have positive effects for their spouses in terms of improved HRQoL and/or reduced spousal informal support. However, knowledge about stroke survivors' HRQoL and QALY and the consequences for their spouses' HRQoL and QALY is limited. Therefore, the aim of this study was to describe the HRQoL and QALY-weights in dyads of stroke survivors in comparison with dyads of healthy controls, and to study the relationship between the stroke survivors' QALY-weights and consequences for spouses in terms of QALY-weight and annual cost of informal support, using a long-term perspective. Methods: Data on stroke survivors, controls, and spouses were collected from the seven-year follow-up of the Sahlgrenska Academy Study on Ischemic Stroke (SAHLSIS). HRQoL was assessed by the SF-36, and the preference-based health state values were assessed with the SF-6D. The magnitude of the support was assessed with a study specific time-diary. An ordinary least squares (OLS) regression was used to estimate the association between stroke survivors' and spouses' QALY-weights. A two-part econometric model was used to estimate the association between stroke survivors' QALY-weights and the time spent and cost of spouses' informal support. Results: Cohabitant dyads of 248 stroke survivors' aged <70 at stroke onset and 245 controls were included in the study. Stroke survivors had lower HRQoL in the SF-36 domains physical functioning, physical role, general health, vitality (P < 0. 001), and social functioning (P = 0.005) in comparison with their cohabitant spouses. There was no significant difference in HRQoL for the dyads of controls. The results from the regression analyses showed that lower QALY-weights of the stroke survivors were associated with lower QALY-weights of their spouses and increased annual cost of spousal informal support. Conclusion: Our results show that the QALY-weights for stroke survivors had consequences for their spouses in terms of annual cost of spousal informal support and QALY-weights. Hence, economic evaluation of interventions that improve the HRQoL of the stroke survivors but ignore the consequences for their spouses may underestimate the value of the intervention.
Background
The caregivers' role is important in influencing the outcome after stroke within a mutual dyadic relationship. Stroke survivors living with their family or spouse arrive earlier at the hospital, receive more thrombolytic therapy, are more likely to return home [1] , and receive more anticoagulants as secondary prevention [2] , compared to stroke survivors living alone. Previous studies showed that stroke survivors' living alone predicted mortality after stroke [3] , which was especially true for male stroke survivors in the long-term perspective [4] . The caregiver's characteristics also have an impact on the outcome of the stroke survivors. Caregivers' depression was associated with lower scores of stroke survivors' physical function and communication at 4 months after stroke onset, and social participation and mood at 12 months after stroke onset [5] . Results from the ASPIRE-S study [6] showed that, six-months after stroke onset, caregiver anxiety was predicted by the stroke survivor's anxiety, depression and cognitive impairment, and caregiver depression was predicted by the stroke survivor's anxiety and depression. The association between healthrelated quality of life (HRQoL) for dyads of stroke survivors has previously been studied in a short-term perspective of four and 16 months after stroke onset [7] . The results showed that there was no significant difference in the bodily pain, emotional role, and mental health between the dyads after 4 months and no difference in bodily pain and mental health after 16 months. The association between the dyads' depression and HRQoL has, however, not been studied in a long-term perspective.
Spouses of stroke survivors experience a negative impact on their HRQoL during the first 2 years after the stroke onset [8] , and we have shown that such a negative impact was also present 7 years after stroke onset [9] . In these previous studies, the impact on spouses and caregivers' HRQoL was studied in relation to objective stroke-related outcome, such as functional status and emotional variables. However, there is a lack of knowledge concerning whether stroke survivors' self-perceived physical, general, and mental health has consequences for their spouses that would be relevant for economic evaluations with a societal perspective. The relevant consequences in this perspective would be to show whether a health care intervention has an impact on the cost of informal support and on relatives' health [10] . Quality-adjusted life-years (QALY) is the recommended health outcome measure in economic evaluations [11, 12] . A QALY is a generic measure that combines health status, often called QALY-weights, and time in the same outcome measure. However, knowledge about relative's QALY-weight is in general limited [13] . We have previously shown that the spouses' HRQoL were associated with measures of global function of the stroke survivors [9] . Furthermore, the quantity of informal support has also been shown to be associated with the stroke survivors' functional ability [14] , motor and cognitive function [15] and their stroke-related health problems [16] . We have recently shown that the spousal support and cost [17] and QALY-weight [18] were associated with measures of global function of the stroke survivors. However, it remains to be shown whether there is an association between the stroke survivors' QALY-weights and the informal support provided by their spouses.
Hence, the aim of this paper were [1] to describe the HRQoL and QALY-weights in dyads of stroke survivors in comparison with dyads of healthy controls, [2] to study the relationship between QALY-weights within dyads of stroke survivors, and [3] to study the relationship between the stroke survivors' QALY-weights and the annual cost of spousal informal support, using a long-term perspective.
Method

Subjects
The study population originated from the Sahlgrenska Academy Study on Ischemic Stroke (SAHLSIS) [9, 19] . The SAHLSIS database comprised 600 consecutively included patients diagnosed with stroke before the age 70, recruited from four stroke units in the Region Västra Götaland between 1998 and 2003. The patients were age, sex, and geographically matched with 600 controls. Residents from Gothenburg, older than 30 years, were selected randomly from a group of participants in a population-based health survey [20] . Residents from Skövde and Borås as well as controls younger than 30 years, were collected from the Swedish Population Register. All controls were evaluated at a face to face visit with a study nurse. The medical history was obtained using a structured questionnaire, and all controls were underwent investigation with an electrocardiography (ECG). Participants with a history of stroke, coronary, or peripheral artery disease (doctors' diagnosis), or sign of ischemic heart disease on resting ECG according to the Minnesota code were excluded.
For the seven-year follow-up, the patients and controls were invited to respond to a questionnaire regarding background variables and self-assessed instruments concerning health issues. Stroke survivors who were recruited at the Sahlgrenska University hospital were also invited to visit the research nurse and physician. Cohabitant spouses and partners of both stroke survivors and controls were requested to respond to a questionnaire regarding background variables and a self-assessed instrument for HRQoL. The recruited participants and drop-out rates have been presented in detail elsewhere [9] . In brief, at SAHLSIS baseline, 422 stroke survivors and 437 controls were cohabitant. In the seven-year follow-up, 299 stroke survivors and 344 controls were cohabitant, whereof 248 spouses of stroke survivors and 245 spouses of controls were recruited to the study (Fig. 1) .
The stroke survivors who were lost from baseline to the seven-year follow-up had poorer global disability measured with the modified Rankin Scale (mRS) (P < 0.001), and more males than females were lost in the follow-up. During the period from baseline to the seven-year follow-up, 16.5% of the stroke survivors included in this study had a recurrent stroke. Of the controls, 1.6% had a stroke during the period from baseline to the seven-year follow-up.
Seventeen percent of the cohabitant stroke survivors, and 29% of the controls at the seven-year follow-up refused contact with their spouse, or the spouse declined participation in the study. There was no difference in age or sex between the stroke survivors or controls whose spouses were recruited to the study, compared to those whose spouses were not included in the study.
The data collection of informal support was made in a second step and of the 80 spouses that reported in the seven-year questionnaire that they provided support to their partner, 67 spouses were available for data collection of quantifying informal support in a studyspecific time-diary, and 53 full-filled the data collection. Thus, the analysis concerning time spent and annual cost of informal support is based on 53 spouses reporting informal support and 198 spouses reporting no informal support, which provided a total study population of 221 dyads (Fig. 1) . The recruited participants and drop-out in the time-diary study have been presented in detail elsewhere [17] .
The recruited spouses in the time-diary study (n = 53), did not differ concerning spouses' age, sex, occupational status, level of education, or the global disability of their stroke surviving partner as measured with the mRS, compared to the drop-outs (n = 27).
Assessments and data collection
Sociodemographic data about the study population was collected from the SAHLSIS database. HRQoL was assessed using the Short Form-36 (SF-36) questionnaire (version 1) in an approved Swedish version [21] . The SF- Fig. 1 Flowchart of study population 36 consists of eight domains: physical function, physical role, bodily pain, general health, vitality, social functioning, emotional role, and mental health. An algorithm developed by Brazier et al. [22] was used to derive a preference-based measure of health from the SF-36 into the six-dimensional health state classification, i.e. SF-6D. The SF-6D six domains are physical functioning, role participation (combined role-physical and roleemotional), social functioning, bodily pain, mental health, and vitality. Each dimension has between four to six response levels, resulting in 18,000 different health states. Each health state has been weighted directly or indirectly using the standard gamble method on a random sample from the general population in the UK.
Data regarding quantity of informal support by the spouses of stroke survivors were collected by a studyspecific time-diary. The spouses reported their informal support during one for them normal week with regard to four different categories of support, i.e. practical support, housework, support in contacts and being available (Fig. 2 ). In the analyses, the categories pertaining to practical support, housework, and support in contacts were aggregated into one category, i.e. practical support. A limit of 24 h were used in the analysis.
Cost analyses
The cost of informal support was valued according to the opportunity cost method [23] , i.e. the time spent on informal support was valued as the person's best alternative use of the time (on work or leisure). Loss of production was valued by the human capital approach [23] . An hourly estimation of loss of production, including payroll taxes, of €20 (exchange rate 0.10 from € to SEK) was used [24] . Due to lack of data concerning whether the spouses reduced their working time to provide informal support, we valued the informal support as leisure time with a rate of €7, i.e. 35% of the hourly loss of production [25] . Joint production was considered for the category "being available", i.e. when the spouses themselves benefited from the provided informal support. Hence, support as being available was valued at 50% of the leisure time, i.e. an hourly rate of €3.5. The annual cost of informal support was estimated by an extrapolation from the weekly reported support in the time-diaries.
Statistical analyses
The variable distribution was presented as mean and standard deviation (SD) for continuous variables and as number and percentage for categorical variables. All Fig. 2 The time-diary significance tests were two-sided and conducted at the 5% significance level. The Wilcoxon signed rank test was used to test the statistical difference within the dyads of stroke survivors and dyads of controls.
To investigate the relationship between the QALYweights of the dyads of stroke survivors, an ordinary least squared (OLS) regression was used. The dependent variable was the spouses' QALY-weights. The stroke survivors' QALY-weights were included as an independent variable (model 1), while model 2 were adjusted for spouses' age, sex, educational level, and occupational status.
To investigate the relationship between the time spent and annual costs of spouses' informal support and the stroke survivors' QALY-weights, we used a two-part model [26] due to a large proportion of the spouses reporting that they provided no informal support. This model has been adopted for other studies estimating cost of informal care [16] . The first part of the jointly estimated two-part model was a binary choice model for estimating the probability of observing a positive outcome, and the second part was a regression model based on the observations with positive outcomes. The chosen approach was a logit for the first part and for the second part and an ordinary least squares (OLS) with the natural logarithm (ln) of the outcome variable, i.e. ln(hours) and ln(cost). For the retransformation from the ln-scale to the raw cost scale a Duan Smearing Approach was used [27] . The standard errors and confidence intervals were estimated with percentile bootstrap with 1000 replications. The dependent variables were time spent and annual cost of practical support and support by being available. The stroke survivors' QALY-weights were included as an independent variable, and the model was adjusted for spouses' age, sex and occupational status. The results for each part of the model were combined to yield a predicted estimate of the hours per day and annual cost of practical support and support by being available for each of the stroke survivor's QALY-weights.
All the analyses were carried out in the STATA statistical software (version 14, College Station, TX, USA). For the two-part model, the "tpm" command was used and the "margins" command was used for predictions.
Results
The population of this study consisted of 248 cohabitant dyads of stroke survivors and 245 cohabitant dyads of healthy controls. The mean ages of the spouse and the stroke survivors were 62 (range: 21-82) and 64 (range: 18-77), respectively, and 66% and 34% were females, respectively ( Table 1) . The study population for the analyses of informal support consisted of 221 dyads of stroke survivors. The mean ages of the spouse and the stroke survivors were 62 (range: 21-82) and 62 (range: 26-77), respectively, and 66% and 34% were females, respectively.
In a long-term perspective of 7 years after stroke onset, there were significant differences between the stroke survivors and their spouses in the SF-36 domains concerning physical functioning, role physical, general health, vitality, social functioning and also in their QALY-weights. However, for the controls and their spouses, there were no significant differences between any of the SF-36 domains, nor the QALY-weights ( Table 2 The results from the OLS regression showed that higher QALY-weights of the stroke survivors were associated with higher QALY-weights of their spouses (P < 0.001). When adjusted for spouses' own demographic features, the association between the dyad's QALY-weights was still significant (P = 0.002). Lower own QALY-weights were also found among the spouses who were retired, unemployed, on sick leave or parttime employed (Table 3) .
The spousal informal support in hours per day and annual costs was estimated as a function of the stroke survivors' QALY-weight with a two-part econometric model. Figure 3 , illustrates the predicted estimates of hours of practical support and being available in relation to the stroke survivors' QALY-weights. Lower QALYweight of the stroke survivor predicted more time of practical support and support by being available. For QALY-weights of ≥0.8, the associations with the time spent of practical support and support by being available were no longer significant. Similar results were shown for the annual cost of informal support, where for QALY-weights ≤0.8, the annual cost of practical support and support by being available gradually increased with lower QALY-weights of the stroke survivor (Table 4) .
According to the output from the two-part regression model, the first part showed that the stroke survivors' QALY-weights predicted their spouses' practical support (P < 0.001) and support by being available (P < 0.001). However, in the second part of the model, the stroke survivors' QALY-weights were not significantly associated with the spouses' practical support and support by being available. Hence, according to our data, it was the fact that the spouses provided informal support, and not the time spent on informal support, that was the driving factor underlying the significant results regarding the post-estimates of time and annual cost of informal support per QALY-weight. The post-estimates of time spent on support and annual cost of informal support for stroke survivors with QALY-weight of 0.4 were not significant. This was probably due to few observations (n = 6) with QALY-weight 0.4 and wide distribution in the category "being available" (range: 0-24 h per day).
Discussion
The main finding of this study is that lower QALYweights of the stroke survivors were associated with their spouses' lower QALY-weights and higher cost of informal support. Economic evaluation of a health care intervention that improves the HRQoL of the caregiver or reduces the carer time, underestimate the value of the intervention if those effects are excluded [28] . A systematic review concluded that the literature has not sufficiently taken into account the theories, guidelines and methods that support the inclusion of informal care in applied economic evaluations [29] . However, it can be noted that the studies in this review that incorporated informal support seemed to have an impact on the costper-QALY estimate. Our findings indicate that from a societal perspective, economic evaluations of health care interventions for the stroke survivors that improve their QALY-weights should also incorporate the spousal effects to capture an essential part of the total effect in dyads of stroke survivors.
A previous study by Dixon et al. [30] showed that the EQ-5D score for a large cohort of patients with various diseases was associated with increased carer time. Although this study also showed an association between carer time and QALY-weights, the study objectives differed from ours in several ways. First, the study population consisted of patients with various diseases in a short-term (29) 30 (12) 58 (24) 72 (30) Retired fulltime 122 (49) 148 (60) 132 (54) 145 (56) Other a 53 (21) 70 (28) 55 (22) 28 (14) Household Children <18 at 28 (11) 22 (9) Support in home perspective, while we studied dyads of stroke survivors in a long-term perspective. Second, the questions concerning carer time from friends and relatives were answered retrospectively by the patients themselves, while we used a time-diary answered prospectively by the spouses to highlight the subjective perceptions of informal care by the spouses themselves and to prevent recall bias [31] . Third, their study used the EQ-5D while we used the SF-6D instrument, and these instruments have in previous studies yielded different results [32] . According to a recent systematic review [33] , the average weekly care time for stroke survivors was 23.98 h. This approximately corresponds to the spousal weekly support provided to stroke survivors with a QALYweight of 0.6, according to our data, while a QALYweight of 0.7 corresponds to a weekly spousal support of 13 h and a QALY-weight of 0.5 corresponds 41 h of spousal support per week. According to this systematic review [33] , the average unit cost per hours of informal support valued with the opportunity cost method was €10.14, which is somewhat higher compared to our shadow price for loss of leisure time. The appropriate shadow price to use for leisure time, if any, is debated in the literature [31] . We chose to use a shadow price for leisure that corresponded to 35% of loss of production, a method that originates from the transport sector and has been used in other studies [25, [34] [35] [36] [37] .
The study by Dixon et al. [30] also investigated the association between the EQ-5D scores of patients with Alzheimer's and their primary caregivers. In contrast to our results, they did not find a significant association between the patients' QALY-weights and those of their caregivers. One explanation for this might be that Alzheimer's disease and stroke have different courses. Furthermore, Dixon et al. included primary caregivers whereof 52% were spouses, while we included solely spouses. The rationale for highlighting the consequences for this particular subgroup of caregivers was that the impact on HRQoL might be different for spouses who were cohabiting with the stroke survivors compared with other non-cohabitant family members and friends [38] .
Our findings show that dyads of stroke survivors report similar levels in the domains of bodily pain, emotional role, and mental health. These results are in line with a previous study by Jönsson et al. [7] of caregivers and stroke survivors in a 4 month follow-up after stroke onset. However, in the second follow-up, 16 months The regression analyses were based on a sample of 242 due to missing SF-6D index for 3 stroke survivors and 3 spouses Other: Employed part-time, retired part-time, unemployed, sick leave and being a student after stroke onset, the stroke survivors reported an improvement in the emotional role-domain compared to their caregivers. According to Jönsson et al., this may be due to the stroke survivors' better adaptation to the new situation compared to their caregivers. Furthermore, a study of dyads of patients with chronic heart failure shows that patients reported lower HRQoL in all the SF-36 domains compared to their spouses, except in the mental health domain [39] . Similar to our findings, the patients' QALY-weights (0.63) measured with the SF-6D were also significantly lower in comparison to their spouses' QALY-weights (0.78). Previous studies have indicated that depression seems to have a negative impact on the dyads in both directions [5, 6, 40] . Further longitudinal studies are needed to fully understand the dyadic perspective of mental illness of stroke survivors and their spouses. However, our results indicate that there could be a need of targeting interventions to improve both the stroke survivors' and their spouse's mental health after a stroke and also in a long-term perspective. The advantage of studying this well-documented population with consecutively included stroke survivors is that it highlights a younger population, many with responsibility for family and working life in a long-term perspective, whereas most studies have focused on an older population in a shorter time-perspective. The findings in this study should however not be generalised neither to a short-term perspective nor to other groups such as older dyads of stroke survivors or other family members, due to two reasons. Firstly, spouses of midlife stroke survivors often also have responsibilities for their family and an own professional life [41] . Thus, younger spouses may experience a greater conflict between their regular daily family and household chores, working lives, and the support provided to their partner, in comparison to older spouses or to other caregivers such as children and friends. Secondly, given that younger stroke survivors have longer survival time, further enhanced by the secular trend of decreasing risk of mortality [42] , spouses must provide support to their partner over a longer period of time compared to older stroke survivors. Moreover, the spouses prospectively reported the quantity of their provided informal support in a study-specific time-diary, a method that minimises the recall bias [31] . However, the study has also some limitations. The sample that reported the time spent on informal support was small, with a relatively wide distribution, especially in the category "being available". This might be one of the reasons why the stroke survivors' QALY-weights were not significantly associated with the spousal time spent on informal support. Instead, the support that were provided by the spouses, was the driving factor for the post-estimates from the two-part model. Due to the small sample the generalizability of the result might be limited due to possible type II errors. In the two-part model we used the percentile bootstrap as a resampling method for obtaining the 95% confidence intervals of a larger bootstrapped sample to handle the skew and small data. However, further research with a larger sample size is needed to confirm and elucidate our results. A further limitation was that we did not collect information regarding the medical history of the spouses, and could hence not adjust the analyses for the spouses' own possible sickness or diseases. Moreover, we did not have longitudinal data for the spouses, but solely for the stroke survivors. Since many stroke survivors with poorer global disability at 3 months after stroke onset were lost to follow-up, the spouses' reported consequences might underestimate the consequences at least with regard to those in a shorter time perspective. Further longitudinal data regarding spouses' consequences need to be examined to achieve a more complete economic evaluation of health care interventions.
Conclusion
The results in this study show that the QALY-weights for stroke survivors relate to their spouses' consequences in terms of spousal time spent on informal support and spousal QALY-weights. Hence, economic evaluations of interventions that improve the HRQoL of the stroke survivors, but ignores to include the consequences for their 
